ABSTRACT
INTRODUCTION
Today's fast advancing information and communication technology (ICT) has changed the way in which we live and work. Many activities in our daily lives are steadily being driven by such technology, including distance and online learning. This is a global phenomenon as ICTs pervade many societies worldwide, with poor and middle income countries also adopting and diffusing these technologies much faster than in highincome countries (World Bank, 2008) . No one wants to be left out of this information revolution. Coupled with the Web, computers greatly enable learning and teaching and increase output. The benefits are potentially enormous and hence, many educational institutions are employing these technologies which have greatly driven the learning and teaching process. Teaching in higher education has thus progressed from the traditional classroom method (e.g. chalk and talk) to embracing e-learning which involves the use of modern technology in teaching and learning as the Web is increasingly being used by educational institutions (Alzahrahni et al, 2008; Gonzalez, 2007) .
Although these technologies have facilitated many tasks especially for people without disabilities, they have also created an unequal access to such services for disabled people. Steyaert (2005) observes that this digital divide for students with functional impairments is because:
"Web-based higher education is failing to transpose the basic accessibility notions from the physical to the digital environment, hence, the threat of increasing exclusion".
The fact that disabled students may be disadvantaged in education due to their disability could account for poor performance, which necessitates "reasonable adjustments". However, according to a 2009 research report by the UK Department for Innovation, Universities and Skills (DIUS, 2009):
"Disabled students are slightly less likely to attain a good degree (first or upper second class) than those who do not report a disability, and there is evidence to suggest that this persists even after controlling for a range of other factors."
With the enactment of disability legislations in the UK such as the Disability Discrimination Act (DDA) 1995, 2005 and the Special Educational Needs and Disability Act (SENDA) 2001, educational institutions are compelled to provide equivalent learning experiences to disabled students with their non-disabled peers. Also, since the use of the internet grants access to very useful information that can facilitate learning, higher education institutions need to ensure that students with disabilities have the same access to the internet as students without disabilities (Wall & Sarver, 2003) . Thus institutions need to provide disabled students with support in their study through accessible learning resources suitable for their needs. Where these students cannot naturally access these resources due to impairment, appropriate assistive technologies will need to be employed.
The problem however arises when students cannot access learning materials even with the use of assistive or adaptive technologies due to incompatibility (Unterfrauner & Weiermair-Märki, 2008) . A study of the use of assistive technologies has confirmed the need for further research in order to make assistive technologies and learning environments compatible and hence resulting in a unified environment which is both assistive and a good learning environment (Tompsett, 2008) . Regarding the problems encountered by disabled students when accessing learning environments and in line with Steyaert (2005) , Tompsett (2008) identifies existing challenges as the inability to "control and modify the university environment to accommodate the needs of some students with rarer conditions". This inability seems to arise from the fact that such learning environments were designed inflexibly (Pahl, 2002) .
For such systems that cannot be used by some people with impairments, adjustments will need to be made to meet the needs of specific disabilities (Maguire et al, 2006) and this would often require the services of an expert. Nevertheless, constant adjustment is costly and time consuming and could also impact negatively on the student's performance. The need therefore is for a system that will incorporate the needs of various disabled students, which will be compatible with assistive technologies, being both assistive and a positive learning environment, thus promoting inclusivity.
With the Semantic Web (Berners-Lee et al, 2001) , there are now new opportunities to build flexible systems that will meet the needs of disabled students. Disability aware systems could be designed using Semantic Web technologies, leading to personalised environments that will enable disabled students to have relevant learning resources and to work independently, with little assistance from a disability tutor. Personalisation of learning environments therefore presents a solution to inaccessibility of learning environments since it facilitates information presentation and retrieval. The Semantic Web also facilitates search and retrieval of information and will be very helpful in personalising learning for disabled students. The Semantic Web in the near future will conceivably be fully embraced in e-learning delivery, in the same way the current Web has been employed in teaching and learning. This study therefore aims to personalise learning on the Semantic Web for disabled students. It begins by briefly examining the need for disability inclusion in higher education, proceeds to examine the underlying technologies of the Semantic Web and thence to e-learning personalisation from whence the architecture of an ontology-based e-learning system for disabled students is presented. This architecture will serve as a foundation from which e-learning personalisation systems for disabled students using Semantic Web technologies could be built.
THE NEED FOR DISABILITY INCLUSION IN HIGHER EDUCATION
Due to several factors, including age, disease and accidents, the number of people with disabilities increases every year. In the European Union, there are at least 74 million people with disabilities (Votis et al, 2009 ). This increased number of people with disabilities is also reflected in higher education as more disabled people progress to higher education studies. According to HESA (2009) statistics, in the 2007-2008 academic year; about 27,465 students were known to have a specific learning disability out of the total number of 62,510 students with disabilities in UK higher education institutions. This was up from the 57,750 students with disabilities in the 2006-2007 academic year. Amongst disabilities encountered in UK higher education are: autistic spectrum disorder, blindness/visual impairment, deafness/hearing impairment, specific learning difficulties, mental health/emotional difficulties and mobility difficulties which all need to be addressed as each one of those affected by these disabilities is part of the society.
Inclusion in the society is a fundamental human right which needs to be respected by everyone. As key services such as education, banking, travel and shopping to name a few, are increasingly being offered online, not everyone is able to access these services fully. Since various people with disabilities access the internet with different technologies, some disabled people need special technology to be able to access information online. When these technologies are incompatible with online systems, disabled people are disadvantaged. The consequence thereof is a disability divide (Hollier, 2007) which excludes disabled people from the use of technology to access online information. In higher education, this gap is evident in the case where students with special needs cannot study conveniently due to lack of "reasonable adjustments".
When students study in classrooms, they interact with one another which could later continue online through social networks. This is very important in social interactions and information sharing as students connect with others elsewhere, which could be helpful in their studies. Accessible ICTs could therefore play a key role in inclusion and hence participation in the society. The UK Department for Communities and Local Government (DCLG, 2008) has suggested a correlation between ICT exclusion and social exclusion thus:
"Digital technologies pervade every aspect of modern society. However these opportunities are not enjoyed by the whole of the UK population -for example, 17 million people in the UK still do not use computers and the Internet and there is a strong correlation between digital exclusion and social exclusion".
Some disabled people are also part of the 17 million people who are missing out of the benefits of ICTs and hence, new initiatives to include them are necessary. With an increasing interest in using Semantic Web technologies to design learning environments today (e.g. Nemirovskij et al, 2007; Vargas-Vera & Lytras, 2008) , researchers and designers of such environments need to prevent exclusion by considering the needs of disabled people from the onset. E-learning personalisation should therefore include special needs.
As earlier discussed, disability inclusion in higher education is a legal requirement under the DDA 1995 and SENDA 2001 and it is also morally correct to consider the needs of disabled people in higher education. The problems faced by disabled students in higher education are further exacerbated by the vast amount of information on the Web which in most cases is inaccessible to some disabled people. Information retrieval using existing techniques are unable to exploit the semantic knowledge within documents which means they are unable to return specific results (Shah et al, 2002) , hence the Semantic Web is motivated by the fact that ontologies can be used to overcome the limitations of keyword-based search (Castells et al, 2007) . The problems associated with difficulties in retrieving information from the Web can now be solved with Semantic Web technologies. This is because "the Semantic Web makes information more meaningful to people by making it more understandable to machines" (Ohler, 2008) . When machines understand information, search of information will return meaningful results. It is worth examining the architecture of the Semantic Web to understand the technologies that facilitate information retrieval.
THE SEMANTIC WEB
Since its conception, the Semantic Web has received a lot of support from the international research community who are engaging in active research in this domain. The Semantic Web has been defined by its authors Berners-Lee, Hendler & Lassila (2001) as:
"The Semantic Web is not a separate Web but an extension of the current one, in which information is given well-defined meaning, better enabling computers and people to work in cooperation"
The Semantic Web will therefore have more meaning, enhancing the current Web, and will also enhance study for disabled students given the ability to facilitate information retrieval as earlier discussed. It is the fact that "online content of websites, databases and other resources is accompanied by machine-readable descriptions that add meaning to the content, and describe the structure and status of the knowledge of that content" (Carmichael, 2008) . Anderson and Whitelock (2004) Semantic Web technologies could revolutionize the way people with disabilities access learning environments, by increasing accessibility and relevance of presented content and hence e-learning personalisation greatly benefits from this technology. Intelligent agents on the Semantic Web could facilitate reading for some dyslexic students or could transform information and present it in a format that could be more suitable for their needs. The Semantic Web has a layered structure as shown in Table 1 .
Semantic Web technologies add more meaning to the Web especially with the use of ontologies (Horrocks, 2008) . The word ontology has its origin from Philosophy where it refers to the subject of being or existence. In Computer Science however, Gruber (2009) defines ontology as "a specification of a conceptualisation". Also noted Ibid is the fact that "ontologies are used for integrating heterogeneous databases, enabling interoperability among disparate systems, and specifying interfaces to independent, knowledge-based services". Ontologies also play a vital role in personalising web content for both disabled and non-disabled people. The Web Ontology Language (OWL) which superseded DAML+OIL is widely used today and is a language for the Semantic Web developed by the W3C Web Ontology Working Group (McGuinness & Harmelen, 2004) . OWL is a revision of the DAML+OIL ontology language and has three sub languages: OWL Lite, OWL DL and OWL Full. OWL Lite supports users needing a classification hierarchy and simple constraints. OWL DL supports those users who want the maximum expressiveness while retaining computational completeness and decidability. OWL Full is meant for users who want maximum expressiveness and the syntactic freedom of RDF with no computational guarantees. Trust: This layer focuses on issues of trust on the Semantic Web.
Logic and Proof:
This is an automatic reasoning system on top of the ontology layer to make new inferences.
Ontology vocabulary:
The ontology layer provides description for properties and relation between these properties and resources.
RDF + rdfschema:
The Resource Description Framework (RDF) layer enables the representation of metadata about web resources. It uses URIs to identify web-based resources but also has a graph model for describing relationships between resources.
XML + NS + xmlschema:
The XML layer with its namespace and schema ensures the use of a common syntax on the Semantic Web. This layer allows structuring of data on the web but does not communicate the meaning of the data.
Unicode and URI: This is responsible for encoding characters and uniquely identifying resources on the internet. Unicode is the standard for computer character representation while URIs provide the standard for identifying and locating resources. Ontology editors like Protégé, developed at Stanford University, have been designed to support ontology modelling via the protégé-frames or protégé-OWL editors. This Java-based platform supports several plugins amongst which is OWL Viz which makes use of GraphViz for graphically displaying ontologies as seen in Figure 2 . We used Protégé to develop an ontology which could serve as a knowledge base for personalising ITALICS Volume 10 Issue 1 February 2011 -ISSN: 1473-7507learning for disabled students in higher education. The ontology has concepts related to disability, ability, assistive mechanisms and services, which all form the main classes as seen in Figure 1 .
The ontology, Abilities and Disabilities Ontology for Online LEarning and Services (ADOOLES) incorporates some of the concepts contained in the ADOLENA ontology developed and used by Keet et al (2008) to enhance the National Accessibility Portal (NAP) and holds vital information regarding various disabilities encountered in the UK higher education as graphically represented in Figure 2 . The ontology will be used for e-learning personalisation.
The ADOOLES ontology has been designed to incorporate concepts in higher education related to various disabilities and can be used to integrate learning resources and disability-related information systems. This ontology contains relevant information for people with disabilities as well as those without disabilities, although the focus here is on disabled people. Some of the concepts used in the HESA statistics for higher education relating to disabilities have been incorporated, together with some concepts from the ADOLENA ontology. ADOOLES uses the range of disabilities described in the HESA statistics for disability such as specific learning difficulty, blind/partially sighted, deaf/hearing impairment, wheelchair user/mobility impairment, mental health difficulties, unseen disability and autistic spectrum disorder (Figure 2) . A Services class is also introduced in the ontology, which is lacking in the ADOLENA ontology. 
E-LEARNING PERSONALISATION
With the exponential growth of the World Wide Web (WWW), it is increasingly becoming difficult to access information online. One approach to solve this problem is through web personalisation, which makes it a lot easier for individuals to access relevant information. Over the years, personalisation of learning environments has become an important topic in e-learning research. The need for personalisation stems from the fact that learners have differing needs and preferences. One of the reasons why different learners have different needs and preferences is because of disability (Nevile & Treviranus, 2006) . According to Vallet et al (2005) , personalisation is all the more necessary for situations such as when there are large amounts of available content, the user has short time, when there are imprecise needs and when new content is available. Web and Semantic Web personalisation for disabled students could involve:
Content personalisation: where content relevant to the needs of disabled students are displayed to them. Such needs could also be obtained through the students' browsing behaviour or their input through forms. Jeevan and Padhi (2006) have reviewed research in content personalisation which can shed more light on this type of personalisation.
Link personalisation: where relevant links related to the special needs of disabled students are displayed. This could be based on their preferences and profile (Longpradit et al, 2008) arising from their disability or past browsing history.
Navigation personalisation:
where the e-learning system is designed to appear in an easy order which could be easily understood by disabled students and hence easy to browse. Thus, navigation personalisation facilitates the use of the system (Wang and Yen, 2010) . The system's usability and accessibility requirements should take into consideration the need to ease retrieval of information and to facilitate browsing through simple navigation. This will also help improve the usability of the system. Presentation personalisation: the look and feel of the content would need to be different for each student, depending on their specific need. Good colour combinations for instance, will be necessary for people with some form of visual impairment such as colour blindness. This type of personalisation could alleviate impairments in some group of people such as the older people (Kurniawan et al, 2006) . Media could be semantically enriched with ontologies (e.g. Huang and Eze, 2005) , facilitating conversion into formats that are suitable for specific disabilities. An image for instance could be semantically annotated using RDF which could be understood by a machine, enabling assistive technologies such as screen readers to interpret their meaning to a visually impaired user. In the same light, text could be converted into sound for blind users using a translation component, which could also be beneficial to some dyslexic students who may prefer sound than too much text. The system under implementation should follow established guidelines such as Web Content Accessibility Guidelines (WCAG 2.0) by the Web Accessibility Initiative (2008).
In order to personalise learning environments for disabled students in higher education, the following types of personalisation could be employed:
Rule engines: This is rule-based, allowing rules to be specified (Gao et al, 2010) . In e-learning, the administrator may define some rules, achieved through a management component, which define what content will be shown for a particular user. For a system to personalise services, the administrator may for instance define rules which will turn off graphics and present only a text version of the system to a user with visual impairments or could activate the translation component which will convert the speech to sound for a blind student or sound to text for a student with hearing difficulties.
Simple filtering: In this type of personalisation, a predefined group of system users such as disabled students determine the content that would be displayed. For instance, students with disabilities may have personalised e-learning environment that would enable them to access content in formats that are preferable for them, based on their specific needs.
Content-based filtering:
In this type of personalisation, the content of objects is analysed to determine the user's interests. Thus items are personalised based on similarity of content (Ghauth and Abdullah, 2010) .
Collaborative filtering:
In collaborative filtering (e.g. Leung, Chan and Chung, 2006; Papagelis & Plexousakis, 2005) , the preferences of a group of individuals who have similar interests as they search the web are used to predict similar content that may be of interest to them. This is then presented to them as they access the system. A group of students with dyslexia for instance, could be presented with content appropriately marked and suitable for their needs.
Much work has been done on e-learning personalisation on the current Web (Alonso et al, 2005; Mor & Minguillon, 2004) . As Semantic Web technologies are increasingly being incorporated into learning environments, there is need for personalisation to be implemented using Semantic Web technologies. Various researchers have developed systems for personalising learning on the Semantic Web (e.g. Dolog et al, 2004; Wen & Brayshaw, 2007; Huang et al, 2006; Ghaleb et al, 2006) , but very little has been done in the area of elearning personalisation for disabled students on the Semantic Web (e.g. Schmidt & Schneider, 2007 , Tzouveli et al, 2008 . The work by Schmidt & Schneider (2007) focused on dyslexia, but there are a range of disabilities which all need to be addressed in designing learning environments. Additionally, this has focused on school children whereas in higher education, the requirements for building learning environments for disabled adults would differ.
Ontology-Based E-Learning System Architecture
In Semantic Web technologies, ontologies could serve as a knowledge base which could be queried with a reasoner (e.g. Java Theorem Prover) to obtain meaningful results. This could be applied in e-learning personalisation to retrieve relevant content appropriate for specific disabilities. We have developed an architecture to personalise online learning for disabled students in higher education using ontologies defined in the Web Ontology Language (OWL). Our architecture is similar to that developed by Goudos, Peristeras & Tarabanis (2006) to recommend various public services to citizens who are entitled to them in that a reasoner (e.g. Java Theorem Prover) is used to query an OWL file which serves as a knowledge base, while the reasoner invokes the web server (e.g. Apache Tomcat) to return a web page with the results as seen in Figure 4 . In the application developed by Goudos, Peristeras and Tarabanis (2006) , users gain access to the services through a login form on the user interface which collects various information including educational level, family status, degree and area in which they live in order to recommend appropriate benefits and also present documents needed for applying for such benefits. Figure 4 : The application architecture used by Goudos et al (2006) Nevertheless, in our system whose architecture is presented in Figure 5 , content specific to education is used. Additionally, we have made provision for various components that are vital to the functioning of the system as follows:
Information translation and presentation component: this component enables the disabled student to obtain content suitable to their specific needs. When the student interacts with the learning environment through the user interface, they are initially accessing general content. The system identifies the student as one with special needs and retrieves learning resources specific and suitable for their disability. This is enhanced by the translation module which translates and presents the resources to the student in an appropriate format. The translator for instance could collect text and translate them to speech for blind students or can semantically annotate images, facilitating understanding and description of the visual resource.
Knowledge representation component: this component represents domain knowledge in a format that could be easily understood by the system. Also, the reasoner can easily query the knowledge base and obtain results which could be used to personalise the learning environment. The component also provides a means for assistive technologies to interact with the learning environment, facilitating compatibility.
Information retrieval component: this component is responsible for interacting with the knowledge representation component, collecting information and transmitting to the information translation and presentation component. This is mainly made up of the reasoner which queries the knowledge base, obtaining some results and the web server which invokes the reasoner, obtaining web pages with the results and returning them to the student.
Management component: this component has a visual interface which enables administrators such as lecturers, the VLE manager and systems developer to manage the student's learning and to solve some problems they may encounter. 
System Functionality
Much of the functioning of the system has already been described under the various components but suffice it to summarise that when a student logs in from the interface and identifies with a specific disability, the reasoner queries the disability ontology which is an OWL file; while the web server invokes the reasoner a JSP page is created, returning content specific to the student's disability after interaction with the translator module. This flexible system will allow the student the freedom to work on their own without requiring much intervention from a disability tutor, but would also be compatible with assistive technology when this is required.
Pedagogic Benefits of the System
The proposed system has some pedagogic benefits which may be similar to those of other e-learning systems. Amongst these benefits are:
Alternative formats of learning materials: with this being an online system, learning resources can be provided to students in various formats (audio, video, slides, text, etc.) , which could be suitable to their needs as well as their preferred learning styles.
Accommodation of different learning styles: the system allows for materials to be presented in various formats which therefore accommodates different learning styles. Auditory and visual learners could benefit from audio, video, as well as textual materials. Additionally, the system could translate information into appropriate formats to suit the learner. For instance, a learner may use the system to convert textual information into an audio format which might be more suitable to their needs.
Accessible learning resources:
given that the learning resources are accompanied by machine-readable descriptions implies they will be more meaningful and also adhering to accessibility and usability standards increases the accessibility of the resources. They could also be easily retrieved through search. This system will also enable students to access learning materials at anytime and anywhere, which would be convenient for them to study at their pace.
This personalised system also makes it easier for students to learn, cutting down on potential confusion (Kim, 2007) .
Ethical Issues
In conducting this research, we have taken into consideration various ethical issues. Implementation of this research has been made within an awareness of disability particularly through a diversity and equality training. There are no safety concerns with this research; during the testing of the system, consent will be sought from disabled participants before they take part in the research, just like in other research. Nevertheless, if evaluation of the system is done heuristically, disability experts would be used.
CONCLUSION AND FUTURE WORK
We have proposed an ontology-based e-learning personalisation architecture for building e-learning systems for disabled students in higher education. The e-learning system presented here should help solve some disability-related problems encountered by disabled students in higher education, particularly inaccessibility of learning environments and incompatibility with assistive technologies. Students will thus be able to have learning resources suitable for their needs when they access the system.
The next phase will be the development of a diagnosis inference engine which will employ dynamically the ontologies described here in an automated process that will seek to marry learners' needs with potential learning solutions which we look forward to being able to present in the future. We will evaluate the suitability of our ontology as a representation of disability following a "gold standard" based approach (Dellschaft and Staab, 2008) , in which the ADOOLES ontology will be compared with a gold standard, taking into consideration the WHO International Classification of Functioning, Disability and Health (ICF). The implemented system will be evaluated heuristically during which experts will judge the system's compliance with recognised heuristics. 
